Abstract
Introduction
Quantitative studies investigating influences on child development often control for the number of siblings, but seldom focus attention on it. There are reasons to expect both positive and negative effects of the number of brothers and sisters.
Children may benefit directly from the learning, company and affection that siblings can provide each other. Siblings may be social, emotional, language and cognitive assets from a child's point of view (Azmitia & Hesser, 1993; Bowes, Maughan, Caspi, Moffitt & Arseneault, 2010; Brody, 2004; Gass, Jenkins & Dunn, 2007) . Research on kindergarten children showed that children having at least one sibling display higher social skills (Downey & Condron, 2004) . Children with no siblings may have low behavioural and social skills (self-centred, less cooperative), perhaps because doting parents bring them up to be "little emperors" as suggested in the case of China's OneChild policy (Cameron, Erkal, Gangadharan & Meng, 2013) . Younger siblings could benefit from their older siblings as better agents of cognitive development than immediate age-peers (Azmitia & Hesser, 1993) . In return, older siblings could benefit from these teaching interactions, which are considered as an important promoter of verbal intellectual development for the "instructor" child (Smith, 1993) .
On the other hand, siblings could be a liability. First, siblings can be bullies, harming a child's emotional and behavioural development (Wolke & Skew, 2012a) . The risk of being bullied at home is reported to rise with the number of siblings, from 46% with 1 sibling, 53% with 2 siblings, to 58% with 3 or more siblings (Wolke & Skew, 2012b) . Secondly, siblings could create competition for parental attention, and a dilution of the resources that may be devoted to any one child. Downey posited that parents have finite levels of time, energy, and money, and that these resources are diluted among children as sibship size increases (Downey, 1995; Downey, 2001 ). This pattern is observed in research based on the Avon Longitudinal Study of Parents and Children (ALSPAC), finding family size to be the strongest influence on parental investment per child, even in wealthy or well educated families (Lawson & Mace, 2009) . If parental investment is important for the acquisition of social or human capital, this could be key to a negative link between larger family size and educational achievement (Becker & Tomes, 1976; Blake, 1981; Coleman, 1988) . Not only could siblings "dilute" parental resources, they could also "dilute" the intellectual home milieu, according to the "confluence theory" (Steelman, Powell, Werum & Carter, 2002; Zajonc & Markus, 1975) . On this hypothesis, the average intellectual level of the home decreases with the arrival of a new sibling.
While the direction and the potential causal impact of siblings on the development of a given child remains ambiguous (Guo & VanWey, 1999) , the number of children in a family may reflect other circumstances which also impinge on child development. This descriptive note takes only preliminary steps towards developing research on the impact of siblings on each other. It presents some basic correlations between the number of siblings and child development in the UK at ages 3, 5 and 7. It paves the way for the elaboration suggested in our conclusions, and offers guidance on how information on siblings might handled in research focussed on other aspects of child development.
Data
We used the UK Millennium Cohort Study (MCS), a representative, but disproportionately stratified, and clustered, sample of around nineteen thousand families having a child born in 2000-2001. Data were collected at 9 months and then at 3, 5 and 7 years through home visits. From age 3, the cognitive assessments of the cohort child were administered by trained interviewers and behavioural problems were parent-reported. Detailed information on the survey is available online (www.cls.ioe.ac.uk/mcs).
Number of siblings
Siblings were defined as co-resident children, whether they were fully related or not to the cohort child. Full siblings, half, step, adopted and foster siblings were all counted. In cases of multiple births in the cohort, one child was randomly defined as the index child for this analysis and his/her twin or triplets were counted among siblings. The number of siblings was recorded four times: at 9 months and then at 3, 5 and 7 years. To allow for possible non-linearity in the relationship between number of siblings and the cohort child's development, the variable "number of siblings" was coded in categories: 0 sibling (the cohort child is an onlychild), 1 sibling (the cohort child is in a two-child family), and in our main analysis 2 or more siblings (i.e. a 'large' family of a least three children). In supplementary work, we also distinguished 3-and 4+ child families among the latter. As two children is the norm for British families (Office for National Statistics, 2012), having one sibling was set as our reference category.
Measures of child development
We investigated the cohort child's development based on scores for cognitive and behaviour development at ages 3, 5 and 7 years, adjusted, in the case of the cognitive scores, for age at assessment. We focus exclusively on "low scores" defined as the bottom 10% of each observed distribution. We abandoned our initial intention to look at "high scores" (top 10%) as, for some of the behavioural sub-scales, the top 10% were not defined (up to 30% of the sample obtained the highest score of the distribution).
Measures of the cohort child's cognitive development
At age 3, cognitive development was measured by the Revised Bracken Basic Concept Scale (Bracken, 1998) . The subtests administered were colours, letters, numbers and counting, sizes, comparisons, shapes. Several measures were based on the British Ability Scales (BAS) (Elliott, Smith & McCulloch, 1997) . At ages 3 and 5, the BAS "naming vocabulary" instrument measured expressive (but not receptive) language ability. At age 7, BAS "word reading" measured recognition and oral reading of single words (but not reading comprehension). At age 5, BAS "picture similarities" measured non-verbal reasoning ability. At ages 5 and 7, the BAS "pattern construction" scale was used to measure non-verbal ability, especially spatial. Finally, at age 7, the "Progress in Mathematics" (PiM) test from NFER (www.gl-assessment.co.uk/products/progressmaths) was used. This included tasks based on numbers, shape, space, measures and data handling. Thus we had eight cognitive scores in total between 3 and 7 years. These cognitive scores measured different dimensions of cognitive development with a strong verbal component for the Bracken and the BAS Naming Vocabulary.
Measures of the cohort child's behaviour
Behaviour was measured using the Strengths and Difficulties Questionnaire (SDQ) at ages 3, 5 and 7 years (Goodman, 1997) . The SDQ (www.sdqinfo.com), is recognised as a psychometrically sound indicator of overall child mental health problems (Goodman, Lamping & Ploubidis, 2010; Stone, Otten, Engels, Vermulst & Janssens, 2010; Vostanis, 2006) . It consists of 25 items covering five subscales: emotional problems, peer problems, behavioural problems, hyperactivity and prosocial behaviour. The SDQ questionnaire was completed by the main respondent in the MCS, virtually always the mother (at least 97% of the respondents at these surveys). Usually, the SDQ is analysed in terms of its total difficulties score (which sums the four first sub-scales). However, as the presence of siblings could have different effects on the different SDQ sub-scales, we explored not only the total difficulties score but also the five subscales separately. At each of the three ages observed, we thus considered 6 SDQ scores with a total of 18 SDQ scores between 3 and 7 years.
Analyses
Basic analyses were carried out on crosssections at each age, without attempting to trace the experience of individual children across sweeps. This meant that the fullest cross-sectional sample was considered at each age. For example, if a child participated in the age 3 and 7 data collections but not at age 5, s/he was included in the analyses of outcomes at 3 and 7, even if s/he could not be included in analyses of age 5 outcomes. For each different analysis done, the sample size is indicated in Tables 1 and 2 and varies from 13,338 to 14,924.
Logistic regressions were performed on the risk of having a low score (bottom 10% of the distribution) on the 26 child development outcomes.
The models focussed on the number of siblings at each survey. They controlled for just two other factors known to be related to child development: the gender of the cohort child and the level of the mother's education. The latter, for preliminary purposes, stands in for a host of possible social confounders, from poverty to parenting, including family building intentions (La Rochebrochard (de) & Joshi, 2013). Mother's level of education was divided in three groups. The highest level was 'college educated', i.e. those with degrees, bachelors or higher, or equivalent vocational qual-ifications (National Vocational Qualification (NVQ) Level 4 or 5). Middle education covers those who did not proceed to college but gained academic qualifications at secondary school, or equivalent vocational qualifications, at NVQ levels 2 and 3. The low education group had minimal (NVQ Level 1, or other overseas) or no qualifications. In this preliminary research, we did not consider the cohort child's birth order, characteristics of the siblings, or other factors about the family. All percentages and odds ratios were weighted to reflect the original sampling probabilities. Variances were estimated with the correction for a finite population. As this is only a preliminary exploration, we treated a 0.05 p-value as a test of significance, even where multiple tests were carried out. A more conservative approach would be to apply a Bonferroni correction (Bland & Altman, 1995) which would set the threshold for significance at a p-value of 0.002. This stricter criterion is also indicated in tables of results. Data analyses were carried out using STATA/SE 11.1 (Stata Press, College Station, TX, US).
Results
Figure 1. Distribution of the number of siblings when the cohort child is 9 months, 3, 5 and 7 years (UK Millennium Cohort) Figure 1 shows that that the proportion of cohort children with at least one sibling rose between surveys from 58% to 88%, reflecting particularly the arrival of new babies during the early years of the cohort child's life. Indeed, at ages 5 and 7, only-children belong to a diminishing minority (16-12%). Meanwhile, the proportion of children with three or more siblings (i.e. in a family of at least four children) rose from 7% to 16%. The two-child family was the most frequent at age 3 and after. The sample size (see figure 1, horizontal axis labels) declined over time as the survey suffered attrition. In order to check that this survey loss was neutral with respect to family size, the distributions of siblings at 9 months were compared across the samples observed at 9 months, 3, 5 and 7 years. The four distributions (not shown) were very similar and do not indicate any attrition bias associated with number of siblings. Mother's level of education when the cohort child is 9 months Distribution of the number of siblings at age 7 (n=3,449) (n=5,987) (n=4,390) Figure 2 shows the distribution of number of siblings by mother's education when the cohort child was 7. For both high and middle educated mothers, the proportions of only-child families and of large families (at least four children) were low (below 15%). Among mothers with no or minimal qualifications, larger families (four plus) occurred most often (28%) and one child families least often (10%). Table 1 and Table 2 report the estimates from the 26 logistic multivariate regressions on the risk of having a score in the bottom 10% of the observed distribution, adjusted for number of siblings, gender of child and mother's education.
Children with no sibling (ie only-children) are compared to the reference group having 1 sibling in the column headed "only-children". An adjusted odds ratio (OR) over unity indicates that the onlychild has a greater risk of being in the bottom 10% of the distribution, or vice-versa if the OR is less than one. A child with no siblings tends to do better than a child with one sibling on the Bracken and Naming Vocabulary at age 3 and 5, but s/he tends to do worse than a child with one sibling on the other cognitive outcomes at 5 and 7 (Picture Similarities, Pattern Construction, Word Reading, Number Skills). On the behaviour outcomes, being an only child tends to be an advantage for conduct problems and prosocial behaviour. However, this advantage tends to decrease and even to disappear for only-children aged 5 and 7 years. Being an only child tends to be a disadvantage for peer problems and hyperactivity which tends to increase for the group of children who remain without any sibling at age 5 and 7. We turn to multi-child families in Tables 1 and 2 (column "number of siblings, 2). Compared to cohort children having just one sibling, children with two or more siblings nearly always exhibited a significantly raised risk of low scores. The adjusted odds ratios are never above 2, but they come closest to it for the Bracken and BAS Naming Vocabulary (OR between 1.6 and 1.9). The other cognitive outcomes and behaviour problems nearly all had adjusted odds ratios in the range 1.2 to 1.4. There was no significant difference in the risk of hyperactive problems between children with one or more than one sibling, at ages 3 and 5. Peer problems and lower levels of pro-social skills, might have been supposed to be less prevalent where there are plenty of siblings from whom to learn social skills, but we do not find such a pattern. On the whole, having several siblings was associated with behavioural and cognitive problems. We also undertook a supplementary analysis by splitting those with two and more siblings into three sub-groups: 2 siblings, 3 siblings, and 4 and more siblings (Figures 3 and 4 ). There were too few families with 5 or more siblings to treat separately, and even between 3 and 4 siblings the confidence limits on odds ratios tend to overlap. For all cognitive outcomes and the total difficulties score, there is a tendency to an increase in the adjusted odds ratios as the number of siblings rises from one to 4 or more. This pattern was also observed to some degree for conduct and peer problems elements, but the relationship with sib size is less clear for the other sub-scales of the SDQ.
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To provide some sense of the salience of these differences, Tables 1 and 2 also show the mutually adjusted ORs for the other two variables in the models. For the cohort chid's gender, girls were set as the reference category, thus an adjusted OR above 1 indicated that boys score worse than girls (all else being equal). In 23 out of 26 outcomes, boys are significantly more at risk of having a low score on cognitive and behavioural outcomes (Tables 1 and 2 ). The only exception is the emotional symptoms sub-scale of the SDQ at age 5, where girls have a higher risk. These odds ratios are mostly in the same range as the ratios comparing 2 siblings with one sibling. However, the estimates for gender and number of siblings are dwarfed by those estimated for mother's education. Compared to mothers with high education, the adjusted ORs for mothers with the low level of education were around 6 for the Bracken and the BAS Naming Vocabulary, around 4 for other cognitive outcomes and around 3 for the different sub-scales of the SDQ. We tested for interactions of the number of sibs with child sex and with mother's education, but found nearly nothing significant (results not shown). The relationships between child's outcomes and number of siblings do not appear to vary for families where there might well be different levels of resources to spread between siblings. The information on social background captured in mother's education is a considerably stronger correlate of child outcomes than either sibling number or gender. (1) When the number of siblings is 4, the adjusted OR for the Bracken at age 3 was of 3.92 [CI95%: 3.08, 4.97] 
Conclusion
Looking across a broad range of indicators of developmental difficulties, we observed that for all outcomes but one (hyperactivity), children with two or more siblings appear at disadvantage compared to children with only one sibling. The differentials associated with having several siblings are more pronounced for outcomes with a strong verbal component than other cognitive and behaviour outcomes. Such a result is in accordance with the resource dilution hypothesis, even though these cross-sectional descriptions are not an adequate test of a causal relationship of harm or gain from having siblings. The hypothesis of social gains from multiple siblings does not seem to fit with our results on behavioural problems. In particular, children in large families do not appear to be protected from peer problems or problems on the prosocial scale and, somewhat contrary to expectations, only-children, at least at 5 and under, have fewer prosocial problems than children with a sibling.
Comparing only-children with those having one sibling presents a more complex pattern. Being an only-child appears an advantage for outcomes with a strong verbal component at young age, but a disadvantage for other cognitive outcomes. On behavioural outcomes, being an only-child could be either an advantage or a disadvantage depending on the sub-scale, however the advantage seems to disappear for older lone children. Bear in mind that the only-child at 5 and 7 years is in a diminishing minority (16%-12%) whereas there were more of them at 3 years (25%). Thus, the fact that the contrast between no sibling and one sibling changes with the child's age, reminds us that family building is a dynamic and possibly a selective process. The apparent 'disadvantages' of being an only-child could reflect factors which select their parents out of further childbearing. There may be something particular about the families who do not proceed to have further children, which helps account for the modest extra developmental difficulties we have recorded here. Another hypothesis would be that developmental problems with one child may even inhibit progression to a next birth.
Although this is only a first step in the investigation of whether siblings help or hinder a child's development, we can report to other researchers who may wish to control for siblings in their investigations of other topics, that it would be better to control for the number of siblings as grouped variables than just a linear term. In this research note, several outcomes have been investigated in order to draw a general picture of differentials by number of siblings. However, each outcome would need to be investigated and discussed more thoughtfully. Moreover, before we can reach any conclusions about the mechanisms whereby siblings may impact on child development, it will be necessary to make use of evidence about the top end of the distributions as well as those in most difficulty, and of the longitudinal nature of the data, to see how children's scores change over time when the number of siblings changes and to model other factors. The most obvious one is birth order (Black, Devereux & Salvanes, 2005; Lawson & Mace, 2010) . Is it an advantage to be the first-born regardless of the number of younger sibs who come along? Is it particularly important to be shielded from resource dilution in the earliest years of life? One could also consider, the interval between births, the age of the cohort child, the siblings' gender, whether the cohort birth or the next one had been intended, the quality of relationship between siblings, the arrival and departure of nonnatural siblings, other predictors of parental investment and child development, parental partnership stability, the home learning environment, parenting practice and other circumstances.
